Increasing expression of heme oxygenase-1 by proteasome inhibition protects astrocytes from heme-mediated oxidative injury.
Hemin is released from hemoglobin after CNS hemorrhage, and may contribute to cell loss in surrounding tissue. Heme oxygenase-1 (HO-1) is induced by these injuries, and may have an effect on cell viability. In a prior study, we reported that increasing HO-1 expression by adenoviral gene transfer prior to hemin exposure attenuated oxidative stress and cell death in astrocytes. However, rapid gene transfer to the CNS may not be feasible. HO-1 expression is controlled by a stress-responsive transcription factor, Nrf2, which is a labile protein that is subject to proteasomal degradation. In this study, we hypothesized that preventing degradation of Nrf2 with a lipid-soluble proteasome inhibitor would increase HO-1 expression and protect astrocytes from hemin. Treatment of cortical astrocyte cultures with 1 microM MG-132 resulted in a rapid increase in Nrf2, to a level that was five-fold that of vehicle-treated cultures by 2 h. This was followed by a three to six-fold increase in HO-1 expression that persisted through the 16 h observation period. Exposure of cultures to 30 microM or 60 microM hemin for 8 h resulted in death, as measured by LDH release, of 39+/-3.0 or 67.5+/-5.9% of astrocytes. Pre-treatment with MG-132 prevented approximately half of this injury. Cytoprotection persisted at 24 h, and was also observed when injury was assessed via the MTT assay. Astrocyte protein oxidation produced by hemin was also significantly attenuated by MG-132 pre-treatment. These results suggest that increasing HO-1 expression with a proteasome inhibitor protects astrocytes from heme-mediated oxidative injury. This pharmacological approach may provide a mechanism for rapidly upregulating HO-1 in astrocytes after CNS hemorrhage.